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What we will talk about

today...
» Daylighting Basics
» Summary of Modeling Inputs
» Radiosity vs. Ray Tracing
» Summary of Modeling Outputs
» Daylighting Metrics
» Overview of Daylighting Tools
» Some Pretty Pictures
» Daylighting in SPOT, DAYSIM, and IES
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Daylighting...what is it?

Table1: Five sample definitions for daylighting (Reinhart C F & Galasiu A, 2006).

Architectural definition: the interplay of natural light and building form to provide a visually stimulating,
healthful, and productive interior environment

Lighting Energy Savings definition: the replacement of indoor electric illumination needs by daylight,
resulting in reduced annual energy consumption for lighting

Building Energy Consumption definition: the use of fenestration systems and responsive electric lighting
controls to reduce overall building energy requirements {(heating, cooling, lighting)

Load Management definition: dynamic control of fenestration and lighting to manage and control building
peak electric demand and load shape

Cost definition: the use of daylighting strategies to minimize operating costs and maximize output, sales, or

productivity
Which of the following definitions for daylighting is the most relevant to you?
OEngineers & Energy Conzultants
M Designers (Lighting Designers, Architects, Interior Designers)
40
20
Architectural Building Energy Cost Lighting Energy  Load Management

Consumption Savings

Figure 1: Results of a recent survey on the role of daylighting in sustainable design (Reinhart C F & Galasiu
A, 2006).
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Daylighting...why do we care?

» Aesthetic value

» Health value

» Economic value
» Functional value
» Thermal value

» It’s just plain cool
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5 Variations in Incident Solar

Sun’s Rays

How the height of the {
latitude. The angle bet f

and the earth’s surface hl
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higher in ky.
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Seasonal Angles

[ A B i <
same energy but more spread same energy but more
out, means less heating. concentrated, means

greater heating.
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Diffuse and Direct Components

diffused
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Diffuse Sky Conditions

Fig. 1 CIE 53ky Luminance Distribution Funciions

Fo Y
W

Clear sky Intermediate sky  Overcast sky Uniform sky

LIGHTING/DAYLIGHTING ANALYSIS: A COMPARISON
Harvey Bryan, Ph.D., FAIA
Sayyed Mohammed Autif

http://lwww.learn.londonmet.ac.uk/packages/clear/visual/daylight/sun_sky/sky_types.html
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Daily Solar Radiation
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Surface Properties

Diffuse Specular
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Glazing Types

Window Technologies: Glazing Types

Single-glazed Clear Single-glazed with Double-glazed Clear Double-glazed with
Bronze/Gray Tint Bronze/Gray Tint
Double-glazed with High Double-glazed with Double-glazed with Double-glazed with
Performance Tint High-Solar-Gain Low-E, Moderate-Solar-Gain Low-E, Low-Solar-Gain Low-E
Argon/K ton Gas Araon/Krypton Gas Araon/Krvpton Gas

http://www.efficientwindows.org/index.cfm

Triple-glazed with Triple-glazed with
Moderate-Solar-Gain Low-E, Low-Solar-Gain Low-E,
Aragon/Krvpton Gas Argon/K ton Gas
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Spectrally Selective Glazing
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What is llluminance?

 Amount of light striking a point on a surface.
[units: footcandle, lux (luminous flux per unit area
ex: lumen per SF)]

Source )

; {1 ) W)
i
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Lumens/ft2

llluminance: the number of lumens
I falling in each square foot of a surface.

|\
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What is Luminance?

 Luminance, the amount of light reflected by a
surface in a specific direction. [units: luminous
intensity per area, ex. candelas/ SF]
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Illuminance vs. Luminance
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Light Output

Luminous

Flux  LUMENS 2,000 2,000
Luminous CANDLEPOWER 7,400 1,100
Intensity (CANDELAS)*
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Lumens (Amount of Light)

Lumens = flow

High candelas, low lumens

1 gallon per minute
Low flow = low lumens

Low candelas, high lumens

100 gallons per minute
High flow = high lumens
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Brightness (Intensity of Light)

" Candelas = brightness

High pressure = high brightness

Low pressure = low brightness
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llluminance (Light Arriving at a Surface)

. Footcandles

Amount of spray hitting 1 ft2 = footcandles
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Lighting Units

Measure Unit
Luminous Flux Lumen
[ lluminance Footcandle = lumen / ft 2
Luminous
. Candela
Intensity
Luminance Candela / unit area
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5 Physical Daylighting Models
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llluminance Measurements

LIGHTMETER
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" Advantages of using a computer...

» Easy Changes (modifiable).

» Internal or external obstructions can be
handled easily.

» Material and glazing properties.
» Controlled weather conditions.
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Basic Daylight Model Inputs

» Solar resource (location, date, weather)

» Geometry (interior and exterior)

» Building orientation

» Surface properties (reflectances, specularity)
» Glazing properties

» Solar control strategies
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Radiosity vs. Ray Tracing

Radiosity Backward Ray Tracing
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Radiosity

» Diffuse surfaces + Form-factor between patches
« Subdivide scene *  Geometry and visibility
« Radiosity assumed constant over a * Big Matrix system

patch

MIT EECS 6.837. Cutler and Durand
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Limitations of radiosity

frnseono

* Diffuse only for basic method
— Costly extension to specular
» Requires meshing
* Cost of visibility computation
— If you send rays, why not use ray tracing?

* Memory consumption vs. time scalability

] ~ MIT EECS 6.837. Cutler and Durand
http://ocw.mit.edu/NR/rdonlyres/Electrical-Engineering-and-Computer-Science/6-837Fall2003/69B1A6C4-511C-4CEE-

8351-ED5B318FD940/0/19_montecarlo.pdf
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Ray Tracing

« Handles specular reflections very well
 Best for rendering applications
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Summary of Modeling Outputs

> llluminance levels
> llluminance distribution

» Luminance ratios

» Glare probability

» Direct light penetration
» Performance metrics
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Daylighting Metrics-
Daylight Factor (static)

A\

Ratio of the illuminance on the given plane at that point to the simultaneous exterior

illuminance on a horizontal plane from the whole of an unobstructed sky.

YV V VYV V

operating schedule

Extarior
building

(sranrorp

\IllwmnaLe-rJ poant [I"II

Daylight Factor (DF) = Sky + Reflected External + Reflected Internal

Assumes an overcast sky for worse case conditions

Most commonly used metric in daylighting design

It is a poor metric for it does not take into account orientation, clear-sky days, and

- CIE Overcast Sky ™
// o \\

u/ \n
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/"”CII, Chrercast Sky “‘“\
u/ \n
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/ — \
."f Ihurinance = & \‘.
a T n

e = illuminance at point in interior

Daylight Factor = e/E (often expressed as a percentage)

lluminance is measured in LUX
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Daylighting Metrics-
Daylight Factor (dynamic)

» Daylight Autonomy (DA): the percentage of the year when a minimum illuminance threshold
Is met by daylight alone.

» Useful Daylight lHluminances (UDI): UDI results in three metrics: the percentages of the
occupied times of the year when the UDI was achieved (100-2000lux), fell-short (<100 lux), or
was exceeded (> 2000 lux).

» Continuous Daylight Autonomy (DAcon): like DA, but partial credit is attributed to time steps
when the daylight illuminance lies below the minimum illuminance level. For example, in the
case where 500 lux are required and 400 lux are provided by daylight at a given time step, a
partial credit of 400lux/5001ux=0.8 is given for that time step.

Dynamic metrics are more useful for daylighting design for they account for
operating schedule, varying sky conditions, and orientation

Dynamic Daylight Performance Metrics for Sustainable Building Design
Christoph F. Reinhart, John Mardaljevic, Zack Rogers
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Daylighting Simulation Software

Software Information Cost Comments
GUI to Radiance, Excel based, easy to use,
SPOT http://www.archenergy.com/SPOT Free dynamic
http://www.energydesignresources.com/tools/sky
SkyCalc clac.html Free Excel based, used for skylights
SuperL.ite http://eetd.Ibl.gov/btp/superlite20.html Free Radiosity, not used much
Trace-Pro http://www.lambdares.com/ $12,000 Good integration with CAD and CATIA but $555$
Lumen Micro http://www.lighting-technologies.com/ $595 Radiosity, popular
$90 Student |DF calcs only, limited capabilities, exports to
ECOTECT http://www.squl.com/ License DAYSIM and Radiance
Widely used simulation engine, no GUI, has both
Radiance http://radsite.lbl.gov/deskrad/ Free ray tracing and radiosity
Desktop Radiance |http://radsite.lbl.gov/deskrad/ Free Not really functional at this time, old
Rayfront http://www.schorsch.com/rayfront/ $895 Website has been down all year
AGI32 http://www.agi32.com/ Free for us! |[Radiosity, limited ray-tracing, very popular
http://irc.nrc- GUI to Radiance, good metrics, easy to use,
DAYSIM cnrc.gc.ca/ie/lighting/daylight/daysim e.html Free dynamic

frnseono
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The pretty pictures you are all
waiting for....
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Radiance Modeling
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Radiance Modeling
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Radiance Modeling

= be_nmw2_ext.jpg - Windows Picture and Fax Viewer
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Radiance Modeling

= be_lobby_1north_pcd. jpg - Windows Picture and Fax Viewer

Q0 Z a0 | PP ae XLHHE @

TﬁTANFORD CEE 111/211 Multidisciplinary Modeling and Analysis 2/3/09




f

Radiance Modeling
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Radiance Simulation

False Color Luminance Plot
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s Interior Luminous Environment
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Sensor Plac + Optimization Tool

e Electric Lighting Analysis

* Annual Daylighting Analysis
 Photosensor Placement Optimization
 Photosensor System Optimization
 Annual System Performance Analysis
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SPOT Modeling Process

C | @ Setup
‘ About SPOT I ‘ Advanced Options I
: o Geometry Input
Import Luminaires I
e ks
o Site & Usage *+++ Electrical Lighting Calculations Begin
= Input
[}
|9 | O :
£ H
2 o Electric nghtl ng Daylighting Calculations Begin
a Results
: L OO
o Dayl Ightl ng Photosensor Calculations Begin
Results
T
o Photosensor . -+ Optional Renderings Begin
Generator
i —
. Final Calculations Begin .
(" Final . Interior
Calculations Renderings
2| @ Photosensor
- Analyzer
o y
w
"1 i —— :
@ o Annual Analysis o Annual Analysis Begins
< Results
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SPOT- Geometric Input

Run Inter

Spatial Characteristics

— Dimensions — Interactive Displaw - COwerall Space

Width 28 ft
Length 32 i I
Height 11 ft IFIat VI
Warkplane Height 30 ft - Q e
Wiall Thickness 12 in
Skylight Depth 3

Orientation =20 deqg s

— Surface Reflectances

Floaor Wialls —

Walls South YWall —

Ceiling Workplane -————
Groun Window

Fullions Active Element s

Lightshelves Lightshelf  —

Cwverhangs 80% Owerhang s
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Zone 1 Zone 2 [ <33% [ 33%66% | 66%-100% | >100% |

Avg | Max Min  Avg | Max | Min [ ow | 4% [ 8% | s |

Clear Sky
O|winter $:00AM & 7 3 10 19 a 25 93 94 59 44 53 4B 03 B1 42 47 7 94 il 40 32
O 12:00PM 11 15 8 25 A5 12 24| 70 67 64 a8 a8 515} B9 B0 a6 i85 B3 B9 B0 48 45
C LO00PM § g 4 13 23 ] 22| 54 56 55 52 56 G0 {5TE] 57 56 5 58 54 54 46 46
O Equinex 8:00AM 9 13 [ 21 an 12 20| 43 45 49 48 47 a0 48 A7 A7 a0 A7 45 44 42 3F
O 12:00PM 16 25 11 45 76 22 18| 33 36 38 39 40 38 40 38 el el 36 36 35 33 30
O 4:00PM 13 20 9 37 BE 20 16| 26 28 32 il 32 32 =5 32 32 | a5 30 30 27 26
O\ Summer $:00AM 14 23 10 1 70 il Width, [ft] 14/ E2ERE S5 AP e A 7 e e R e e e e 22
(@ 12:00PM 22 36 15 70 114 33 12] 21 20 21 23 23 22 23 22 22 22 22 21 20 20 20
@ 4:00PM| 26 42 16 a7 167 42 10| 18 18 19 19 20 20 21 20 20 20 18 18 19 15 17

Overcast Sky 8| 19 16 17 17 17 16 17 17 17 17 17 16 15 15 15
O|winter 8:00AM 4 5 2 1 23 5] Bl 14 13 15 15 16 15 15 14 14 14 15 14 14 14 17
o 12:00PM 17 27 " 47 99 24 4 14 14 14 14 i 14 14 & {5 14 14 13 14 13 13
O 4:00PM 5 8 3 15 30 T 21 15 13 14 15 15 14 17 15 16 17 15 15 16 13 14
o Equinox $:00AM 12 19 g 34 70 17 2 4 B 3 10 12 14 16 18 20 22 24 26 28 30
o] 1Z:00PM| 27 | 44 17 76 | 158 | 39 Length, [fi]
o 4:00PM| 15 25 10 43 a0 2
Olsummer 8:00AM 20 32 13 56 17 2 o .

‘Workplane Iluminance, [Fc]
] 12:00PM 53 54 21 93 195 47
@ 4:00PM| 22 36 14 B2 129 3
® Annual Average 18 49 100
o Annual Maximum 112 402 ‘ \
@] DAF#1 011 037 001 071 | 080 032 a0 "“‘!‘5‘“ \
8 L r?'M ﬁz 056 075 043 087 | 093 074 i “‘“,‘# ..‘a:\-:‘“‘\-%
ax #1 0.00 000 000 000 000 “\“ ‘

o DAFMax#2 006 003 004 0716 031 | 009 “:"““
o] DAF Wint 051 074 041 08 082 | 072 L -
o DAFMax Wint 0.00 000 000 000 000 a0
® DAF Sum 0BS5S | 086 050 085 097 | 085
o DAFMax Sum| 0.00 000 | 000 0.00 1]
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DAYSIM- Geometry Import

(3 pAYSIM 2.1.P2 [DstmplExample 1 Example 1hea] -3 FEE BRI N i na e i i e e g g [
File Site Building Simulation JAnahmsis Help
rBuilding Model -Sensor Point File
Vo curremd sensaor file is:  Exampla1.pts Helo
Specify Sensor Units Pick a nev Sensor Point File
-Shading Deaice
Please specify the shading deche mode. Help
Static Shading dewvice (inchuded in buildinog opeorm ety -
’ Static S heading dendice included in building oeomet ng)
Dnmaric shading device moded (simple )
Crmamic shading desice model (advancec)

Mote: The material and geometry files are stored
inthe project fiolder under the “rad” sub-directory

Eddit Material File Upuiate Wiewe

Chanmape Wiew Poimt: | pamorama [ SW -
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DAYSIM- Simulation Parameters

' ] pavsm 2.1.92 [CTDAYSIMprojectsttestestihea] -l i e e g [
File Site Building Simulation Analysis Help

Run Sirnulation...

FADNAMCE Simulation Parameters

Please choose the RADIANCE Simulation Parameiers.
The Default RADIBMCE Simulation Paramebers are set as default values.

Howveever, if wou wish fo use other RADIAMCE Simulation Parameters, enfer the desired parameter vales
in the appropriate text felds,

To Redoad the Default RADIANCE Simulalion Paramelers, simply press the | oad Defesl Vakees miion,

ambient hounces jakh ] ecular jiter {s |1 .ooon |
ambient diisions (ad) o000 | limit weinht (e} [0.002000 |
arbient super-samgles {as o] direct jitter [0.0000 |
ambient resalution (ark o0 ] direct sampling {ds) [0.200 |
arnbient accuracy {aa) o1 direct redays {drh |2 |
limit reflection {ri s | direct pretest density fdgi 512 |
specutar threshold (st 0.1500

Load Default Values Help

(saroro CEE 111/211 Multidisciplinary Modeling and Analysis 2/3/09
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DAYSIM- Define Building Info

] pavsma 2,402 [CCOAYSITprojectsitestitestihea) iR e e e R [
File Site Building Simulation |Analysis | Help

Wiewr Dandighting Anahysis Resulls

Zane Description "zone"

SOccupancy Profile HUser Reguirements ant Behaior

Arvhal Time 02,00 | || Mdoum luieonce 5000

De ure Time 17.00 | User Beh anwi our

Lunch & Iimtenmediate [ Lighting Use Kix of Both ™
Breaks - R —

Dayight Savings Time v Elind Use Wiz of Both

HLighting and Shading Cortrol System

Installed Lighting Power Densi 15

Zone Size 0.0

Blinud Contr ol Manual -

Ligghiiing Comitril Manual onoff switch mear the door - Specify Work Plane

Start Daydighting Anakysis

NGINEERING
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DAYSIM- Simulation Report

YS5IM Simulation Qutput - Mozilla Firefox
Fle Edt Mew Go Bookmarks Tools Help

G-y - & ) B (D fenpimoErample res Examce e b ¥ B G |
_| Customize Lirks | | Free Hobmal [ | Windows Marketplace | | Windows Media | | Windows
-~
Daysim Simulation Report
Warning: N cplane sensors. e Daysim assum at the cone workplan
over all illumi B
In short...
+ Daylight Factor [DF) Analysis: 35% of all illuminance sensors have a daylight factor of 2% or higher. If the sensors are evenly distributed across all spaces ocoupied for crtical wsual
tasks’, the inwestigated lighting zone would not qualify for the LEED-NC 2.1 daylighting credit B.1 as the area rafic of sensors with a daylight factor over 2% would need to be 75% or higher
(see www.usgbe.org/LEEDY).
+ Daylight Autanomy [DA) Analysis: The daylight autonomies for all core workplane sensors lie between 1% and 91% for an active user and 0% and 75% for 3 passive user
* Useful Daylight Index (LD} Analysis: The Useful Daylight Indices for the Lighting Zone are UDI<y90=100%, UDl1ag.2000=0%, UDlsz000=0% for an active user and UDH<100=100%.
UDlpp-zog0=0%. UDI:2000=0% for 3 passive user
+ Cantinuous Daylight Autonamy (Dlos-jand DAmg.. Anatysis: 48% of all illuminance sensars have a DAg, abave 40% for an active user and 29% of all sensors have a DAg,, abave 40% for
a passive user . 1% of all illuminance sensors have a DA e above 5% for an active user and 0% of all sensors have @ DAmay above 5% for a passive user .
# Electric Lighting Use: The predicted annual electric lighting enargy use in the imvestigated lighting zone is: 3.3 kiWhiunit area
Simulation Assumptions
Site Description: The imvestigated building is located in Toronto (43.70 N 79.60 V). Daylight savings time |zsis from April 1st to October 31st.
User Description: The zane is occupied Monday through Friday fram 8:00 to 17:00. The cccupant leaves the office three times during the day (30 minutes in the maming, 1 hour at midday, and
30 minutes in the aflemaon). The total annual hours of occupancy &t the work place are 1569.0. The elactnc lighting is activated 2364 0 hours per year The occupant peforms a task that
requires a minimum illuminance level of 500 hoe. The coordiantes of care work place sensars are marked in blue in the table below. (Core workplane sensors indicate where occupants are
ususaly located within a lighting zone, e.g. a desk in an office.)
The predicted annual electric lighting energy use of 3.3 kWhiunit area cormesponds to the mean energy use in an ensemble of identical offices that are occupied by four user types
 auser who aperates the electric lighting in relation to ambient daylight conditions, opens the blinds in the meming (upon arval), and lowers them when direct sunlight abave 50 Wm? hits
the seating position [to avoid direct glare)
+ auser who aperates the electric lighting in relation to ambient daylight canditions, and keeps the blinds lowered througheut the year to avoid direct sunlight
+ a user who keeps the electric lighting on throughout the working day, opens the blinds in the morning (upon arival), and lowers them when direct sunlight above 50 Wi hits the sealing
position (to avoid direct glare), and
+ a user who keeps the electric lighting on throughout the working day, and keeps the blinds lowered throughout the year to awoid direct sunlight
Lighting and Blind Control: The elactric lighting system has an installed lighting pawer density of 1.50 ¥/ unit area and is manually cantralled with an on/off switch. & simplified shading device
model is used that assumes ihat the lowered blinds block all direct sunlight and transmit 25 percent of all difuse daylight. (This simplified model is adequate for the initial design phase.) The
shading device is manuzlly oparated. 3

Dong
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s DAYSIM- Simulation Parameters (cont’d)

NG I

N

N

TANFORD
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VIL & ENVIRONMENTA
K1

G

Fle Edt Mew Gp Hookmarks Tools Help

@ - o - & ) ) [ ectibsitmpExemple s Examele L hm v| @ e G |
_| Customize Links | | Fres Hotmail | | Windows Marketplace | | Windows Media | | Windows
-~
Detailed Simulation Results
The table below shows the daylight factor and various dymamic daylight performance metrics for all sensor points indisidually. Defintions of these quantities are provided in chapter one of the
Daysim Tutorial. To guide the reader's eye. the following color code is used:
+ Coordinates of core workplane sensors are shown in blue
+ [Daylight factor levels over 2% are shown in
+ Annual light exposure levels of medium and high sensitivty (CIE Categories Il and [V) are shown in dark green and
DF  [oa =] DA %] DAoon [3] DAmrace [¥%]  [Dmax [%] LD %] =nnual light
* ¥ o [ active) paszive) Hective) {active) Ipzssive) [ac ¥ =xmozure [luxn]
2.225 |2.188[D.600 32 14 e T 0 o 25 E5 e o 1817730
2675 |2.188|0.600 &2 52 51 3 o 3 5 74 2 B 5E72E1
3.125 |2.188|0.600 59 e R 3 0 2 Ld a7 31 11 5588481 3
3.575 |2.1838|D.600 89 Caad 54 [2 0 2 B B8 32 13 5539241
4.025 |2.183|D.E00 84 93 51 1 0 2 L 73 |25 7 4535959
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